Recent reports have indicated that tachycardia as well as bradyeardia may be arrhythmogenic in acute myocardial infarction. The present experimental study was designed to systematically evaluate the arrhythmogenic and antiarrhythmic effect of heart rate over a wide spectrum using sinus node crush and atrial pacing. Serial recordings of the surface electrocardiograms and local electrograms for a maximum period of three hours were taken at rates of 60-200 beats/min before and after ligation of the left anterior descending coronary artery in 24 open chested dogs. Immediately following coronary occlusion, the incidence of ventricular ectopic complexes was 7.6 + 1.6/min at a rate of 60, and gradually decreased to 2.5 0.4/min at a rate of 90 (P < 0.01). At rates of 110-150 : 1 ventricular ectopic complex/min was noted. However, at rates of 180 and above, the incidence of ventricular ectopic complexes dramatically increased with frank ventricular tachycardia and/or fibrillation being provoked on seventeen occasions. Similarly, at rates of 60-90, ventricular tachycardia and/or fibrillation was exhibited on sixteen occasions, but never at rates between 110-150. Local electrograms exhibited marked ST segment elevation with higher heart rates compatible with increased local ischemia. It is concluded that ventricular ectopia is more common at rapid as well as slow heart rates after acute coronary occlusion. There appears to be an optimal intermediate rate for maximal antiarrhythmic effect.
SUMMARY
Recent reports have indicated that tachycardia as well as bradyeardia may be arrhythmogenic in acute myocardial infarction. The present experimental study was designed to systematically evaluate the arrhythmogenic and antiarrhythmic effect of heart rate over a wide spectrum using sinus node crush and atrial pacing. Serial recordings of the surface electrocardiograms and local electrograms for a maximum period of three hours were taken at rates of 60-200 beats/min before and after ligation of the left anterior descending coronary artery in 24 open chested dogs. Immediately following coronary occlusion, the incidence of ventricular ectopic complexes was 7.6 + 1.6/min at a rate of 60, and gradually decreased to 2.5 0.4/min at a rate of 90 (P < 0.01). At rates of 110-150 : 1 ventricular ectopic complex/min was noted. However, at rates of 180 and above, the incidence of ventricular ectopic complexes dramatically increased with frank ventricular tachycardia and/or fibrillation being provoked on seventeen occasions. Similarly, at rates of 60-90, ventricular tachycardia and/or fibrillation was exhibited on sixteen occasions, but never at rates between 110-150. Local electrograms exhibited marked ST segment elevation with higher heart rates compatible with increased local ischemia. It is concluded that ventricular ectopia is more common at rapid as well as slow heart rates after acute coronary occlusion. There appears to be an optimal intermediate rate for maximal antiarrhythmic effect.
Additional Indexing Words: Bradyeardia
Tachycardia Ventricular tachycardia Ventricular fibrillation Atrial pacing SEVERAL EXPERIMENTAL' 2 and clinical3 4 reports have indicated that bradyeardia predisposes the heart to ventricular ectopia in the course of acute myocardial infarction. By increasing the temporal dispersion of refractoriness, bradycardia has also been found to lower the threshold for ventricular fibrillation.5 However, more recent studies have indicated that rapid heart rates may also be arrhythmogenic under these circumstances. These latter studies have emphasized that in situations of acute ischemia, tachycardia may indeed have more deleterious effects than bradycardia in producing ventricular ectopia.6 Conversely, it has also recently been shown that lowering heart rate may decrease ventricular ectopia following coronary occlusion. 7 To date the effects of a wide range of heart rates have not been systematically studied in relation to the development and frequency of ventricular ectopia. The present experimental study was designed to evaluate the arrhythmogenic and antiarrhythmic effects of heart rate following acute coronary occlusion and to further investigate the concept of overdrive from the standpoint of an optimal heart rate.
Material and Methods
Experiments were performed on 24 mongrel dogs weighing 15-30 kg, anesthetized with sodium pentobarbital (30 mg/kg intravenously). The trachea was intubated and positive pressure respiration was employed using a Harvard pump. The chest was opened in the midline and the pericardium incised to form a pericardial cradle. The left anterior descending coronary artery was dissected approximately 3 cm from its origin and a silk ligature was placed loosely around the vessel.
Local bipolar electrograms were recorded from Circulation, Volume XLIX, April 1974 potentially ischemic and nonischemic myocardium by inserting two pairs of fine tefloni coated stainless steel wires, one in eaclh zone. A pair of additional wires was inserted into the right atrial appendage and atrial pacing was performed with a battery powered Medtronic Model 5837 pacemaker. The sinus node was crushed with a clamp. Only those experiments were ilncluded in the study in which a heart rate of 60 was aclhieved with sinus niode crush alone. This was achieved in 16 of the 24 experimenits. Lead II of the surface ECG was continuously monitored and all records were taken on a multichannel recorder at paper speeds of 10 and 25 mm/sec. Control recordings were obtained at heart rates of 60, 70, 80, 90, 110, 120, 150, 180 and 200 beats/mnm using riglht atrial pacing. The coronlary artery xvas ligated and conltinuous recordings of the incidence of ventricular ectopic complexes/minuite were obtained at each heart rate. Atrial pacing xvas performed in random sequence for a period of two minuites at each lheart rate. Data was collected for three hours following coronary occlusion. For purposes of statistical analysis, each episode of ventricular tachycardia or fibrillation was given an arbitrarv score of 10 ventricular ectopic complexes/minute. Criteria for ventricular ectopic beats were as follows:
1) fixed coupling time with compensatory pause (uunpaced); 2) independence of atrial activity; 3) presence of fusion beats; 4) rapid degener-ationi of the ectopia to ventricular fibrillation.
Thle number of episodes of venitricular ectopia were calculated accordin-g to the followiing classification to evaluate the severity of airhythmia.
Class I = less than six venticular ectopic complexes/minute. Class IIgeater than six ventricular ectopic complexes/minute. Class III = greater than six ventricular ectopic complexes/minute plus two successive ventricular ectopic complexes and/or multifocal ventricular ectopic complexes. Class IV = ventricular tachycardia (including runs of three or more ventricular ectopic complexes in a row) or ventricular fibrillation. For purposes of tabulation the most severe arrhythmia was classified during atrial pacing at each heart rate.
During the first six experiments it was noted that class III or IV arrhytlhmia invariably precipitated ventricular fibrillationi at either the 60-90 or 180-200 rate ranges. Hence, xvhen class III or IV arrhythmia occurred in these rate ranges, the pacing rate was abruptly changed to a higher or lower level. Thus, in Table 1 Relationship of heart rate to total episodes of ventricular cctopia.
these experiments the effects of increasing or decreasing the heart rate could also be studied. For purposes of tabulation heart rates were grouped into three categories: 60-90, 110-150 and 180-208.
Results
Frequency of Ventricular Ectopia Figure 1 illustrates the frequency of ventricular ectopic complexes with respect to heart rate. Ventricular ectopic complexes occurred most frequently at a heart rate of 60 and this incidence was significantly higher (P < 0.01) than that which occurred at a heart rate of 90. The frequency of ventricular ectopic complexes further decreased as the heart rate was increased, with a minimum of ventricular ectopia (<1/min) at heart rates of 110, 120, and 150 ( fig. 1 ). However, ventricular ectopic complexes occurred more frequently as the heart rate was further increased to 180 and 200. The increase in frequency at 200/min was statistically significant compared to the 110-150 rates (P<0.001). Table 1 shows the effect of heart rate on the total number of instances of ventricular ectopia class I to IV. Maximum episodes of class IV ectopia were noted at extremes of heart rate, i.e., the 60-90 and 180-200 groups. Sixteen such episodes occurred at heart rates of 60-90; and seventeen were exhibited at rates of 180-200. In contrast, there was a dramatic absence of such arrhythmias at intermediate rates. All sixteen episodes of ventricular tachycardia which occurred in the 60-90 group followed class I. An episode of ventricular fibrillation following three ventricular ectopic complexes in a row occurring during pacing at a heart rate of 200 beats/minute. episodes of ventricular tachycardia occurring at heart rates of 180-200 were not preceded by any ventricular ectopic complexes and thus were of suddeni onset (fig. 3 ). In addition, none of the nine episodes of class III arrhythmias in the 110-150 group progressed to ventricular tachycardia and fibrillation (table 1) .
Severity of Ventricular Ectopia
All eight episodes of ventricular fibrillation were preceded by either class I, I1, or III ventricular ectopia or ventricular tachycardia. Three episodes of ventricular fibrillation occurred at heart rates of 60-90, while five episodes occurred at heart rates of 180-200. Figure 4 shows the distrbution of class I-IV ventricular arrhythmia at various heart rates. Total number of class I arrhythmia is highest in the slow rate range, i.e. 60-90, while class IV arrhythmia predominated in the 180-200 rate range. It is initeresting to note that although the total instances of class I-III arrhythmias diminished gradually with increase in heart rate with a minimum at the faster rate ranges, class IV arrhythmia occurs as commonly at the rapid rates as at the slow ones.
Effects of Change in Pacing Rate
The effect of change in pacing rate was particularly apparent when class III and IV ventricular ectopia occurred at both the slow and the high rate ranges. Ventricular tachycardia or fibrillation was invariably provoked if the same pacinlg rate was continued under these circumstances. On the other hand, thirteen episodes of class III or IV arrhythmias were terminated by increasinig the pacing rate in the 60-90 group (fig. 5 ). However, this overdrive effect was not beneficial in two instances of sustained ventricular tachycardia which progressed to ventricular fibrillation despite increasing the pacing rate. Similarly at the 180-200 rates, eleven episodes of class III and IV arrhythmia were abolished by decreasing the pacing rate to the 110-150 rate range ( fig. 6 ).
Relation of Ventricular Tachycardia and Fibrillation
to Duration of Ischemia Figure 7 shows the temporal relationship of the episodes of class IV arrhythmia to time from coronary occlusion. It is evident that class IV arrhythmia frequently occurs after the initial hour of ischemia and its relationship to underlying heart rate (i.e., occurrence at the extremes of rate) persisted throughout the three hour period of the study.
Discussion
The relationship between ventricular ectopia and underlying heart rate has evoked considerable controversy. 8. ', 10 The arrhythmogenic effects of bradycardia in circumstances of both experimental' 2 and clinical13 4myocardial ischemia or infarctioni have been widely accepted. The mechanism of the slow rate induced ectopia has been attributed to increased dispersion of refractoriness.5`Scherlag et al. 7 have more recently shown that rapid heart rates following coronary occlusion are also arrhythmogenie. These latter findings have been supported by p. The results of the present study indicate that both slow and rapid heart rates are arrhythmogenic during acute ischemia. A total of 33 instances of ventricular tachycardia and eight of fibrillation occurred with equal frequency at extremes of heart rates. In contrast, ventricular tachycardia and ventricular fibrillation were strikingly absent throughout the three hour period of study ( fig. 7 ) in the intermediate rate range (table 1, fig. 4 ). It is of interest that this relationship of class IV arrhythmia to heart rate persisted throughout the study. This observation indicates that the rate relationship is not solely an acute phenomenon, but persists throughout the period of ischemia studied.
In addition, the effects of increasing or decreasing the heart rate in the low and high rate groups respectively, also resulted in marked changes in frequency and severity of ventricular ectopia. Thirteen instances of ventricular tachycardia at the 60-90 rate range were terminated by increasing the paced rate ( fig. 5 ). Conversely, eleven instances of ventricular tachycardia were controlled in the 180-200 group by decreasing the rate to the intermediate range (fig. 6 ). These findings indicate that there are beneficial antiarrhythmic effects of "underdrive" as well as "overdrive" at the extremes of heart rate.
A gradual decline in the occurrence of class I, II and III arrhythmias was noted as the heart rate was increased, although somewhat paradoxically the incidence of class IV arrhythmia was highest in the 180-200 rate range ( fig. 4 ). Several investigators, including our group have noted increased ischemia in the local electrogram ST segment exhibited with the higher heart rates.7 It has also been demonstrated that the size of the ischemic area is increased at higher heart rates. 13 It is probable that in circumstances of increased ischemia a concomitant increase in vulnerability to ventricular tachy-Circulation, Volume XLIX, April 1974 cardia or fibrillation exists. Therefore, even though the actual number of ventricular ectopic beats decreases at the high rate range, they have more malignant potential. This is borne out by the finding that although all sixteen instances of class IV arrhythmias in the 60-90 group were preceded by class I-III arrhythmias ( fig. 2 ), this was true in only ten of seventeen class IV episodes in the 180-200 group. The remaining seven episodes were abrupt in onset and presumably were precipitated by the initial ventricular ectopic beat.
In summary, the findings of the present study indicate that the incidence and severity of ventricular ectopia is highest at the extremes of heart rates. Thus there appears to be an optimum intermediate rate range at which ventricular ectopia are at a minimum. In the presence of significant ventricular ectopia associated with myocardial ischemia this intermediate rate is "antiarrhythmic" when achieved by either "overdriving" or "underdriving" the preexisting arrhythmogenic heart rate.
